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Rotavirus can be detected in stool samples by using serological and molecular methods. An easy and rapid dual gene RT-
PCR assay for the simultaneous amplification of the capsid protein VP4 (structural) and rotavirus enter toxin NSP4 (non-
structural protein) has been developed. We validated the assay by comparing the results of single target PCR with dual-gene 
PCR products. 
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Introduction 
Rotavirus A is implicated as the most important 
cause of diarrhoea in humans and animals. 
Gastroenteritis, induced by rotavirus (RV) leads to 
severe financial losses in terms of animal health and 
production industries1. Non-enveloped rotaviruses 
belong to the family Reoviridae, genus Rotavirus. On 
the basis of VP6 capsid protein rotaviruses are 
grouped into nine groups (RVA–I) and amongst them 
RVA is the predomiant cause of diarrhoea in 
mammalian and avian species. Genome of rotaviruses 
consists of 11 segments of double-stranded RNA, 
which encodes for six structural capsid protein (VP1 
to VP4, VP6 and VP7) and six non-structural (NSP1 
to NSP5/NSP6) proteins2. The triple layered capsid 
protein of rotavirus encloses the eleven segments of 
double-stranded RNA3. Structural proteins VP1, VP2, 
and VP3 are located in core, whereas VP6 forms the 
inner capsid, and VP4 and VP7 constitute the outer 
capsid layer and are responsible for eliciting specific 
neutralizing antibodies in the infected host4. The outer 
capsid proteins viz. VP7 and VP4 are classified into  
G (glycoprotein) and P (protease sensitive protein) 
types, as per their antigenic properties and/or 
sequence of genes encoding these proteins, 
respectively3. Till now, 28 G and 39 P genotypes have 
been identified in humans and animals as per the 
minutes of 7th Rotavirus Classification Working 
Group. The NSP4 protein (the first viral viroporin) is 
encoded by the 10th segment of rotavirus A. The 
NSP4 (non-structural protein) plays an important role 
during the pathogenesis and cellular cycle of 
rotavirus. It acts as a viral enterotoxin/viroporin and is 
responsible for causing age dependent diarrhoea in 
neonatal suckling mice5. As it is implicated in various 
functions of rotavirus, it can be considered as an 
important target for vaccine development. Various 
multiplex PCR assays had been used for typing of 
rotavirus A into G and P type on the basis of VP7 and 
VP4 outer capsid proteins, respectively.  
Keeping in view, the importance of VP4 
(structural) and NSP4 (non-structural) protein, we 
have developed the PCR assay which could amplify 
both VP4 and NSP4 gene simultaneously in single 
reaction. In order to validate the PCR, the single 
PCR’s product for individual gene and also the dual-
gene PCR products for both the genes i.e. VP4 and 
NSP4 were sequenced and compared. 
 
Materials and Method 
 
Source of Bovine Rotavirus Strain M1 
The study is conducted using single M1 strain of 
bovine rotavirus which was obtained froma diarrhoeic 
fecal sample of 45 days old cow heifer calf collected 
from Konikalan village, Majholi, Jabalpur, Madhya 
Pradesh, India. The sample was brought to the 
Virology Laboratory, Department of Veterinary 
Microbiology, College of Veterinary Science and 
Animal Husbandry, Jabalpur in a cold chain and was 
stored at -20oC. The presence of rotavirus A was 
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detected in the fecal sample by screening the presence 
of bovine rotavirus antigen using sandwich Enzyme 
Linked Immunosorbent Assay ( ELISA) kit (Bio-X 
Diagnostics, Belgium) and was finally confirmed  
by RVA VP6 gene based reverse transcriptase–
polymerase chain reaction (RT-PCR). 
 
Rotavirus RNA Extraction 
Total RNA was extracted from 500 µl of 10% fecal 
suspension made in phosphate buffer saline (v/v) 
using an equal volume of 500 µl of TriReagent LS 
(Sigma, St. Louis, USA) following manufacturer’s 
instructions. The RNA was diluted with 20 µl of 
nuclease free water and was subsequently assessed 
qualitatively and quantitatively using a nanodrop 
spectrophotometer. The RNA was then stored at  
-20oC until further use. 
 
RNA- Polyacrylamide Gel Electrophoresis  
Polyacrylamide gel electrophoresis was used to 
analyze the extracted viral dsRNA according to 
Laemmli (1970) methods6, with minor modifications 
like only resolving gel was used. The extracted RNA 
was mixed with equal volume of 2X RNA loading 
buffer and loaded in the well. The gel was run at  
120 V in 1X tris-glycine buffer and finally stained 
with silver nitrate7. 
 
Primers 
The primer set used to amplify the VP4 and NSP4 
genes in single PCR mix and dual-gene PCR is given 
in the Table 18-10. 
 
Reverse Transcription-PCR 
Reverse transcription of the viral RNA was 
performed using a random hexamer primer (0.2 µg/µl, 
Thermo Scientific, USA). Initially, 20 ng of viral 
RNA, 1 µl of random hexamer primer, and 12 µl of 
nuclease free water were combined in a thin walled 
0.5 ml PCR tube. The reaction was incubated at 65ºC 
for 5 min to denature double stranded RNA strands 
and immediately chilled on ice. Next, 4 µl of 5X 
reaction buffer, 1 µl of Ribolock RNase inhibitor,  
10 mM dNTP 2 µl and 1µl Revert Aid M-MuLV 
reverse transcriptase (200U/µl) were added and the 
mixture was incubated at 25ºC for 5min, followed by 
42ºC for 60 min and finally terminated the reaction by 
keeping tube at 70ºC for 5min. 
 
Amplification of the VP4 and NSP4 Genes Using Single 
Target PCR 
The cDNA synthesized by above mentioned  
RT-PCR method was used to amplify the VP4 gene 
using 3µl of cDNA, 12.5 µl of 2XPCR mixture 
(Genei hot start PCR mastermix), dimethyl sulfoxide 
(DMSO4.0%) 1 µl, forward primer (20 pmol 
concentration) 1 µl, and reverse primer (20 pmol 
concentration) 1 µl as given in Table1. The total 
reaction volume was brought to 25 µl with nuclease 
free water (NFW).The amplification was carried out 
at following reaction conditions: initial denaturation 
at 95ºC for 4min followed by 35 cycles of 1min 95ºC, 
2 min at 48ºC and 72ºC for 2min, and final extension 
at 72ºC for 10mins. A similar protocol was followed 
for the NSP4 gene with primer sequences as 
mentioned in Table 1. 
 
Amplification of the VP6 Gene 
The primer used to amplify VP6 gene is as per the 
Table 1. PCR reaction mixture was prepared using 
12.5 µl of 2X PCR mixture (Genei hot start PCR 
mastermix), dimethyl sulfoxide 1 µl, forward primer 
(20 pmol concentration) and reverse primer (20 pmol 
concentration) 1 µl each, cDNA 3 µl and nuclease 
free water (NFW) 6.5 µl to make the final reaction 
volume 25 µl in 0.5 ml PCR tube. Thermocyclic 
condition for VP6 amplification used was as follows: 
initial denaturation at 95ºC for 5 min followed by  
30 cycles of 30 sec 95ºC, 30 sec at 48ºC and 72ºC for 
30 sec, and a final extension at 72ºC for 10 min. 
 
Dual-Gene RT-PCR for the NSP4 and VP4 Genes 
The simultaneous amplification of NSP4 and VP4 
genes in the same PCR mixture was carried out 
following PCR condition mentioned earlier for  
VP4 and NSP4 genes using following recipe mix  
 
Table 1 — Primer used for amplifying VP6, VP4 and NSP4 gene in single PCR and dual gene PCR 
Gene Primer sequence Amplicon size (bp) References 
VP4 Bov4Com5 5’TTCATTATTGGGACGATTCACA 3’ 
Bov4Com3 5’CAACCGCAGCTGATATATCATC 3’ 
864 Isegawa et al., 1993 
NSP4 5’GGCTTTWAAAAGTTCTGTTCCGAGAGAG 3’ 
5’ TAAGACCRTTCCYTCCATTAAC 3’ 
 
743 Banyai et al., 2009 
VP6 5’ TTTGATCACTAAYTATTCACC 3’ 
5’GGTCACATCCTCTCACTA 3’ 
227 Kattoor et al., 2013 
 




2X PCR master mix (Genei hot start PCR mastermix) 
– 12.5 µl, forward primer 1 (VP4) – 0.75 µl, reverse 
primer 1 (VP4) – 0.75 µl, forward primer 2 (NSP4) – 
0.75 µl, reverse primer 2 (NSP4) – 0.75 µl, DMSO – 
1.00 µl, cDNA – 3.00 µl and NFW– 5.50 µl. The 
concentration of VP4 and NSP4 primer used were  
5 pmol. Final reaction volume of 25 µl was used. 
Agarose gel electrophoresis (1.5% w/v) was used to 
separate PCR products at 100V for 1 hr in 1X TAE 
(tris acetate EDTA) buffer with 0.5 µg/ml ethidium 
bromide, viewed with a UV transilluminator, and 
documented using Syngene gel documentation system. 
 
Sequencing 
The amplified PCR products of both VP4 and 
NSP4 genes from single PCR’s as well as dual-gene 
PCR were sent to Agrigenome Laboratories Private 
Limited, Kerala, India for sequencing.  
 
Ethics 
This study was carried out in accordance with  
the principles of the Basel declaration and 
recommendations of committee for the purpose of and 
supervision of experiments on animals (CPCSEA), 
Institutional Animal Ethical Committee. The protocol 
was approved by the Institutional Animal Ethical 
Committee, College of Veterinary Science and 
Animal Husbandry, Nanaji Deshmukh Veterinary 
Science University, Jabalpur, India. 
 
Results 
M1 isolate positive in ELISA, showed the presence of 
typical banding pattern on PAGE the presence of 4:2:3:2 
migration patterns, characteristic of RVA (Fig. 1). 
The individual RT-PCR results for VP6, VP4, and 
NSP4 genes showed the presence of amplified PCR 
products of 227 bp, 864 bp and 743 bp, respectively 
(Fig. 2). Similarly, the dual-gene PCR products for 
VP4 and NSP4 also revealed the presence of VP4 and 
NSP4 genes of desired product size of 864 bp and  
743 bp, respectively (Fig. 3). The sequence data of 
single PCR for VP4 and NSP4 genes and dual-gene 
PCR product for NSP4 genes has been submitted in 
National Centre for Biotechnology Information (NCBI) 
 
Fig. 2 — Dual gene PCR amplification of VP4 and NSP4 genes. 
L1- negative control, L2- 100 bp DNA ladder; L3- VP4 (864 bp) 
and NSP4 (743 bp) gene. 
 
 
Fig. 3 — Single PCR amplification of VP6, NSP4 and VP4 
gene. L1- negative control, L2- VP6 (227), L3- NSP4 (743 bp), 
L4- VP4 (864 bp), L5- 1 kbp DNA ladder. 
 
 
Fig. 1 — Electrophoretic migration pattern of bovine rotavirus
(M1 isolate) dsRNA in polyacrylamide gel. 




GenBank database under the accession no. MK945594, 
MK955829, MK945594, respectively.  
On comparing the sequencing results of single 
target PCR with their corresponding dual-gene  
PCR products for both the genes in Meg-Align 
software of DNASTAR-Laser gene version 6 we 
found percentage identity of 99.9% and 97.3% for 
NSP4 and VP4 genes, respectively between single 
target PCR amplification and their corresponding 
dual-gene amplification product. Sequence data of 
single target PCR’s for these genes was in agreement 
with the sequence data of dual-gene RT-PCR-based 
for the NSP4 and VP4 genes validating our assay. 
 
Discussion 
Non- structural protein, NSP4 plays a crucial role 
in the rotavirus pathogenesis. It helps in assembly of 
virus into double shelled particles, by acting as an 
intra cellular receptor for single shelled particles. In 
experimental animals, NSP4 gene induces diarrhoea 
via Ca2+ dependent signalling pathway. Watery 
diarrhoea, can be prevented by using antibodies 
against NSP4 or toxic peptides, although the exact 
mechanism of in vivo protection is still unknown5,11. 
NSP4 protein is now considered equally important as 
outer capsid protein9.These findings prompted us to 
develop the diagnostic PCR assay which targets two 
most important genes of bovine rotavirus and help in 
simultaneous detection of both NSP4 and VP4 genes, 
which would further help in better screening of 
bovine rotavirus A by minimal use of resources and 
manual labour. On the other hand, in addition to the 
VP7 and VP4(outer capsid protein), and VP6 (inner 
capsid protein), NSP4 (enterotoxin) can also pose an 
important candidature for vaccine development12-13. 
As per our knowledge this is the first report on 
development of PCR where there is simultaneous 
amplification of structural and non-structural proteins 
of bovine rotavirus. However, the further validation  
of this method is needed by increasing the number  
of samples. 
Various multiplex genotyping assays have been 
developed since early 1990’s for the outer capsid 
genes of rotavirus, like VP4 (P typing) and VP7  
(G typing) gene of bovine rotavirus A, but with the 
development of dual-gene PCR for VP4 and NSP4 
genes, it would be much easier to screen the bovine 
rotavirus a for structural (VP4) and a non structural 
gene (NSP4) simultaneously in one reaction mixture, 
making RT-PCR based screening of rotavirus A more 
cost effective and less time consuming. Further detail 
study of NSP4 genes will provide a deeper insight 
into the genetic makeup of rotaviruses and also assist 
in epidemiological study. 
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